We report the facile fabrication of a self-reporting, highly sensitive and selective optical urea nanobiosensor using chitosan-g-polypyrrole (CHIT-g-PPy) nanomicelles as a sensing platform. Urease was immobilised on the spherical micellar surface to create an ultra-sensitive self-reporting nanobiosystem for urea. The resulting nanostructures show monodisperse size distribution before and after enzyme loading. The critical micelle concentration of the enzyme-immobilised polymer nanostructure was measured to be 0.49 mg/L in phosphate buffer at pH 7.4. The nanobiosensor had a linear optical response to urea concentration ranging 2 from 0.01 to 30 mM with a response time of a few seconds. This promising approach provides a novel methodology for self-reporting bio-assembly over nanostructure polymer micelles and furnishes the basis for fabrication of sensitive and efficient optical nanobiosensors.
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INTRODUCTION
Nanostructured polymer materials have attracted wide attention due to their potential to combine desirable properties of different nanoscale building blocks and improve optical, electronic and mechanical properties. [1] [2] [3] To enhance all these physical and chemical features, several groups have recently produced different classes of polymeric materials with different size and shape, such as polymer nanotubes, nanosheets, nanorods and nanocups. 4, 5 However, these structures still suffer from a lack of nanoscale spatial precision, require difficult and time-consuming synthesis processing in bulk and are not always suitable for biological applications. 6 Moreover, these nanostructures fall short in respect of biological loading such as controlled architecture and operational limitation. In this respect, polymer micellisation is the most powerful and facile approach to achieve high-loading capacity, well-formed micellar structure by using amphiphilic polymers or surfactant to direct biological self-assembly. 7 These micellar nanostructures have been recently employed in many fields from drug-delivery to biosensors due to their electronic transition, specific surface site and selective reactivity. [8] [9] [10] Chitosan (CHIT) is a well-known and abundantly available natural polymer formed by mollusks, crustacean and various classes of insects. CHIT has many advantages such as biocompatibility, biodegradability and excellent mechanical strength. 11 CHIT is cationic polysaccharide having wide range of potential applications in biosensing, drug delivery, water treatment and pharmaceuticals. CHIT bears both acidic and basic functions and can be easily modified by co-polymerisation, encapsulation and grafting methods. [12] [13] [14] On the other hand, polypyrrole (PPy) is a promising conducting polymer having range of different applications including molecular sensors, gas separation membranes and rechargeable batteries. 15, 16 Although pure PPy has poor solubility, stability and mechanical properties, this can be improved by copolymerisation with biopolymers. 17, 18 Urea is a key analyte in clinical chemistry. Urea, along with creatinine and uric acid, are essential indexes in diagnosing liver and kidney disorders. [19] [20] [21] The normal urea level in blood is 2.5 to 7.5 mM.
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Measurement of urea is helpful for preventing various diseases such as nephritic syndrome, hepatic failure, urinary track obstruction and renal failure. 23 Various methods have been reported for the determination of urea in tissue and body fluids including ion chromatography and electrochemical methods, and biosensors are routinely used in hospital laboratories. 24, 25 In this study, we report a facile synthesis and characterisation of chitosan-g-polypyrrole (CHIT-g-PPy) nanomicelles for the fabrication of a self-reporting optical urea biosensor with a shorter response time and broader dynamic range compared to previous systems. The trustworthy admission of urease onto CHIT-g-PPy nanomicelles is a key element in the proposed design.
The CHIT-g-PPy nanomicelles described lay the foundation for a new generation of highly sensitive and reproducible optical urea biosensors for biological samples. 
Preparation of CHIT and PPy solution
CHIT solution was prepared by mixing of CHIT flakes (1.0 g) in acetic acid-water mixture (25% v/v, 100 mL, 1%, pH ~4). The CHIT solution was stirred magnetically for 2 hours at room temperature, yielding a flake-free clear solution of CHIT. Pyrrole solution (10.0 mL) was prepared by mixing pyrrole in aqueous ammonium persulphate (0.5M, 5.0 mL) at room temperature with constant magnetic stirring for 5 min.
Grafting of PPy onto CHIT
In a typical run, 10 mL of flakes free CHIT solution and 1.5 mL of freshly prepared pyrrole with ammonium persulphate solution were mixed in a 25 mL vessel. The vessel was sealed under N2 gas and evacuated at room temperature for 24 h. The obtained product was dialysed against deionised water to remove salts and water soluble contaminants, followed by vacuum-drying at 60 o C. The dried copolymer was further 
Where, W1 is weight of CHIT-g-PPy and W0 is weight of CHIT.
Preparation of Urs functionalised CHIT-g-PPy micelles
The Urs functionalised CHIT-g-PPy micelles were prepared by a two-step process. In the first step, CHITg-PPy micelles were produced using membrane dialysis technique and in the second step functionalisation of Urs on CHIT-g-PPy micelles via coupling chemistry was carried out. Typically, the CHIT-g-PPy (40 mg) was dissolved in 3 mL acid water of pH 4.0 under sonication. Milli-Q water (12 mL) was added dropwise to the resulting mixture. Thereafter, enzyme was covalently immobilised on the CHIT-g-PPy micellar structure using EDC/NHS coupling chemistry. Likewise, 50 µL Urs was dissolved in MES buffer at pH 5.0 followed by addition of 12 mM EDC and 5 mM NHS with continuous stirring for 30 min at room temperature. Then the solution mixture was added drop wise to the CHIT-g-PPy micellar dispersion and left overnight. The resulting Urs/CHIT-g-PPy micellar assembly was dialysed for 48 h against Milli-Q water using dialysis tubing with a molecular weight cut-off of 2000 Dalton.
Spectrophotometric study
The Urs/CHIT-PPy nanomicelles were mixed in a 3 mL phosphate buffer solution (50 mM, pH 7.4) containing 15 μL Nessler's reagent and urea solution with varying concentrations. After 3 min of incubation, the absorbance of the colored product, NH2Hg2I3, a complex formed as a result of reaction between Nessler's reagent and ammonia, which is produced after the enzymatic hydrolysis of urea at λmax 385 nm, was measured to determine the kinetics of the urease.
Instrumentation
The photometric studies were carried out using a UV-2501 PC, Shimadzu Corporation Japan, UV-visible spectrophotometer. Fourier transform infrared spectroscopy (FTIR) was performed using a Perkin Elmer RK-1310 spectrophotometer (PerkinElmer, Waltham, MA, USA). The critical micelle concentration (CMC) measurement of the micellar nanostructures was recorded on a fluorescence spectrometer (Photon Technology International Inc., Birmingham, NJ, USA) using pyrene as an indicator. Transmission electron microscopy (TEM) images were obtained using an interface high resolution transmission electron microscopy (HITACHI H-7650, Tokyo, Japan). A TEM sample was prepared by depositing 6 µL solution of the nanomicelles (ultrasonically dispersed in THF) on a copper grid. The size of Urs/CHIT-g-PPy micellar nanostructures was determined by dynamic light scattering (DLS) using a Beckman Coulter PCS submicron particle size analyser at 90°. The concentration of the CHIT-g-PPy and Urs/CHIT-g-PPy solution was 0.35 mg/mL. The % total wet-weight was calculated using following equation: (2) where, Ww and Wd is the wet and dry weight of Urs/CHIT-g-PPy micelles, respectively.
Urea nanobiosensor study
The urea biosensing study was performed using a UV-visible spectrophotometer. Typically, Urs/CHIT-gPPy nanomicelles were prepared in a 3 mL phosphate buffer solution (50 mM, pH 7.4) and a fixed amount of urea was added to the solution, ranging from 0.01 to 30 mM. After 3 min of incubation, Urs/CHIT-gPPy nanomicelles started to produce ammonia by the enzymatic hydrolysis of urea. The absorbance of the micelle was quantitatively determined at λmax 385 nm with respect to urea concentration for each mL of solution. The plot of urea concentration versus absorbance served as a calibration curve for the determination of unknown concentrations of urea in the test samples.
RESULTS AND DISCUSSION
Scheme 1 represents the overall process for the preparation of enzyme-immobilised polymer micelles for optical urea sensing. The synthesis strategy was to obtain CHIT-g-PPy spherical nanomicelles via covelent bonding and then to conjugate the enzyme on the spherical micelles. This allowed optical sensing of various concentration of urea.
Synthesis and characterisation of CHIT-g-PPy and Urs/CHIT-g-PPy
The CHIT is an amphiphilic polymer, thus the dispersion of pyrrole started the nucleation in polymeric . The broadening in this peak depends on the existing groups in the CHIT-g-PPy. The broad and shoulder like peak at 3415 cm -1 is due to the surface hydroxyl groups. Hence, FTIR spectra confirm the grafting of PPy on to CHIT, i.e., formation of CHIT-g-PPy. Moreover, the FTIR spectrum of the Urs/ CHIT-g-PPy revealed absorption broadening at 3000 to 3600 cm -1
. However, the peak broadening at 1600 and 1410 cm -1 corresponds to increasing amide bands due to the covalent attachment of Urs enzymes on the free -NH2 groups of CHIT-g-PPy nanomicelles. 27 Thus the FTIR study shows strong evidence for the immobilisation of Urs on the CHIT-gPPy nanomicelles.
Self-reporting urea biosensing
The swelling behavior of materials allows the quick diffusion of analyte and provides a surface reaction zone for sensing purposes. The high swelling value of Urs/CHIT-g-PPy nanomicelle (46%) favours sensingr. It is well known that the diffusion of urea solution is much better in the swollen state. This diffusion generates an instantaneous osmotic pressure gradient across the interface between the sensing platform such as Urs/CHIT-g-PPy nanomicelle and urea solution. This osmotic pressure gradient reversibly affects the equal distribution of ions with concomitant increase in urease efficiency. A photometric response study was carried out to determine the apparent urease activity, stability, effect of interferents and shelf life of Urs/CHIT-g-PPy nanomicelles. The photometric response of this sensor was followed using the wellknown coloured complex formation between Nessler's reagent, K2HgI4 and ammonia produced by the enzymatic hydrolysis of urea by urease enzyme. 28 The synthesised Urs/CHIT-g-PPy nanomicelles were immersed in a reaction mixture (in UV-vis cubit) containing 3 mL of PBS solution (pH 7.5), 15 μl of In this pH-responsive Urs/CHIT-g-PPy nanomicelle, CHIT may deacetylate in a basic environment thus enhancing the diffusion rate of ammonia. This is responsible for the doping of PPy grafted chains. 
Effect of interferents
The effect of interferents i.e. glucose (5 mM), uric acid (0.15 mM), lactic acid (5.5 mM), ascorbic acid (0.1 mM) and cholesterol (5.2 mM), respectively, on the Urs/CHIT-PPy nanomicelles response to urea was determined. Negligible effects were observed will all the interferents except uric acid and ascorbic acid, due to the production of free radicals by spontaneous oxidation with the urease enzyme in solution generating superoxide anion radical.
Nanobiosensor performance
The responsive chemical nature of CHIT is well known and important for biosensing purposes. 29, 30 Usually, biomolecules contain hydroxyl groups which produce hydronium ion (bicarbonate and ammonium ions) after hydrolysis. These generated hydronium ions can be triggered in the presence of ionisable functional groups such as -COOH, -NH2 and become ionised, acquiring charge at a specific pH value. The polymeric chain has a number of similar functional charged groups, which cause repulsion. Due to this repulsion, polymeric materials expand and change their dimension to reduce the steric hindrance. On the other hand, with change of pH, functional groups reduce their charge and their dimension. Expansion facilitates diffusion, which may generate an enhanced and effective impulse in the form of electronic transitions due to the partial ionisation of the polymeric chain. The electronic transitions effectively serve as a tool for the optical monitoring to sense the biomolecules, in this case urea.
A static response time around 12 seconds, with a recovery time of 38 seconds was observed during the sensing experiment. The enhanced sensitivity may be due to availability of urease enzymes at the periphery of Urs/CHIT-g-PPy nanomicelle. It can also be attributed to the high urease functionality onto the CHITg-PPy nanomicelle, especially due to the free -NH2 groups in the CHIT backbone. The storage stability of the Urs/CHIT-g-PPy nanomicelle was measured and similar sensing response was found after it was stored The Table of Content The fabrication of a self-reporting optical urea nanobiosensor based on Urs/CHIT-g-PPy nanomicelles is reported. Urease is immobilised onto amphiphilic PPy grafted CHIT, and serves as a nano-matrix for the development of a urea nanobiosensor. The copolymerised CHIT-g-PPy hybrid nanomicellar structure offered a high level of enzyme immobilisation leading to highly stable Urs/CHIT-g-PPy nanomicelles to sense urea.
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